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The Study on the Corrosion Characteristics
of Al-Alloy Shell for Cooler

Sung-Jin Kim

Department of Mechanical Engineering
Graduate School of industry
Pukyong National University

Abstract

Recently, with rapid development in cooling water system like
heat-exchanger, there occurs much interest in study of local corrosion.

In this paper, the corrosion experiment in fresh water was
carried out to study the characteristics of corrosion for Al alloy,
Cu and Naval Brass of the marine fresh water cooler.

Therefore, cavitation erosion test apparatus using 20khz, 24 ¢ m
piezoelectric vibrator was employed and polarization test was

applied to Al alloy, Cu and Naval Brass and galvanic couple.



Especially, this study was considered corrosion characteristics
such as open circuit potential of the cooler shell and tube,
corrosion current density, corrosion rate(mmpy), pitting and crevice
corrosion, anodic corrosion by anodic potential increasing and

characteristics of galvanic corrosion.

The main results obtained were as follows;

(1) The resistance polarization of Cu was appeared the highest,
and Al-alloy and Naval brass was appeared similarly.

(2) The corrosion resistance to general corrosion was superior to
order of Cu > Naval brass > Al-alloy.

(3) The control effect of local corrosion such as pitting and
crevice corrosion on Naval brass was superior to Cu or Al-alloy.

(4) The galvanic corrosion of Al-alloy coupled with Naval brass
was more duller than that of Al-alloy coupled with Cu.

(5) Naval brass was stabilized on the damages by cavitation
erosion-corrosion and the cavitation damages of Al-alloy was

more sensible than that of Cu.



Nomenclature

CR : Corrosion rate(mmpy)

d : Density of material(g/cm)

E : Electrode potential(mV/SCE)
EW : Equivalent of material(g)

I : Current density(#2A/cm)

Iorr - Corrosion current density(ZA/cm’)
OCP : Open circuit potential

R @ Resistance(£2)

Ry : Polarization resistance(k®)

R: : Weight loss rate(mg/min)
SCE : Saturated calomel electrode
t . Testing time(min),(sec)

T.S : Tensile strength(kg/mr)

W: : Total weight loss(mg)



>
ofo
it
o
BN
N
flo
to
g
o
%e,
-
ol
e
i)
]
32
£

= o]
e HEG 210N A AL AulS] glojA

2, gEtds, AlFdA HE o8 T e XA AF dus
717V AREE 3L il AR Sl weh theket Sl Heka o).
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Al-Brass, Naval-Brass, Cu-Ni F©o] AF&¥3 9levmz o8 74 =
£9] Az o5t HAAZL K Al(galvanic corrosion)o] e 4 2l
oh. g FAY] el o7k AujEHold HA-FA EFo] dof

T Utk 53], 94 ol F52 7 L9FT R HIAFo] ¥
A T2 WA AR ALY o Ar|set BAnkga 71AAH 4

o]
=
Hk-2of] o3k A Al-H.A(erosion—corrosion)&AY T Yol JElE= A

of 7ol APHA FFL WAY. aHoE FAM AAE A5

l
A

= @32 g3e 938 WA, 3 A5, 35, 37, 488 2L
S Folu, olal@ AA WA LE U 4597 s

A -Ra - SH B A F < (stress corrosion cracking), Bold dA
(dezincification) F¢ F2543 z+ Ado] we algded o
AT Ae7HA 8ol o]FoA o, Al-gaAY HAl AL 27
oA FRulElo]d (cavitation) FA-H2] AFel dlgt dFERIE
719] Zolnr) Peop? — O,

b 2 AFeAs 2 &Y Av|He Y7hE A5 E A
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2. Add 2 A9y

2.1 AdA=s

2 29 A48 A9 ARE B8 ngTasine A59%

7](fresh water cooler)® Y% (shell)oE Alg5 1 A LFogF

Table 1 Chemical compositions and mechanical properties

of specimen, Al-alloy(AC8A)

i i Mechanical
. o)
Chemical composition(Wt2%) properties
Cu|Fe | Zn [Mg|Mn|Ni|Si|Ti| A |Hardness T

(HB) (ke f/mnf)

10108 10.15|1 1.0 [0.15| 1.2 |12.0| 0.2 | remain 52 18

* T.S ! Tensile Strength



Table 2 Chemical compositions and mechanical properties

of specimen, Naval brass(C4621P)

Chemical composition(Wt%)

Mechanical properties

Hardness T.S
Cu Pb Fe Sn Zn (HB) (kef/mf)
62.0 | 0.20 | 0.10 | 1.10 | remain - 32

Table 3 Chemical compositions and mechanical properties

of specimen,

Cu(C1100-H)

Chemical composition(Wt%) Mechanical properties
Cu Pb Fe Sn Zn Ha€g%§ss (kgbad)
99.90 - - - - 80 28
2.2 54 A9+

FAAg AR AL, veldags 2 H(Cu)e 7|
A BAAIEHS Table 1, Table 2 2 Table 33 T2 35a A
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Ba 71414 5EA-AE 7 olE Age #AZRE AFHIS VM=
10 mm, A2 10 mm, F7 5 me FI7|E AZATOoZH FaLv=
&

RAL 1.0 o 2 aQon, ArseE RINIS 9@ A
wol Wanh A7) Fig. 13 29, o AlgHel AZel o)A

¢

3

7tedst R EeHE wiAlstr] A A FAEE dolopE= #
AR R AL Addd NG| dAdE AAA7L, EnfolAR

} 5
v}-& ¥ (mount ing) &+ ¢}

0
A

10 |
F 5 /
10
B .
Mounting 10 Materials

N

Lead line(Electric wire)

Fig. 1 Dimension of polarization test specimen(unit :mm)

- 11 -



2.3 52 44834

B dgel AHgE ¥4 S4Adel olg” AYAAE o
2o goby mo AgAzie]l @7 Wi, wwy A
ANY F Q7] wWEel P4 2 3 Wobgow ol olf

Qe A7 2P AT

oo
Bk

lo

of ESAFEAAE EHFoE TR A/EATF(SCE) S
it Model 273A Potentiostat/Galvanostat <}
™, M 352/252 corrosion softwareE A}&3}o]
A

INEHATE. o714, RAARe BaBEE F

b
—T—l
oo
o
k!
(e
[op)]

[0 e
[op]

oA AlFHE LFr)ETF(Al alloy, AC8A), % (Cu, C1100-H)

2 dlo]W3F (Naval brass, (4621P)C.& &3, 7|FAFe 23}
7t2 3 d = (saturated calomel electrode, SCE), ®REH=Z

(counter electrode)S LLHEE BtA¥E o7 3o},
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(D Potentiostat/Galvanostat ® Reference electrode

@ Personal computer ® Electrolyte

@ Monitor @9 Temperature controller
@ Printer @ Heater body

® Corrosion cell @ Heating coil

® Specimen @ Silicon oil

@ Counter electrode @ Heating beaker

Fig. 2 Schematic diagram of polarization equipment
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Photo. 1 Appearance of polarization equipment

2.4 52 4994

T B agel ASE AIRF, WolRFE W F(Cw o)

r
rd

31152 EG & G jite Model 273A Potentiostat/Galvanostat

—

- Personal computer(M 352/252 corrosion software ZF=h)

L= R By Ay 8

Monitor & 7Z1AA] PrinterdA] F=I4, F2n

Data7} 7ISHES 3o, o EIAHH it ZEL(flow

chart)& Fig. 3o YebHdc}.
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Electrochemical Polarization
React ion

v

EG & G Model 273A
Potent iostat/Galvanostat

v

M 352/252 Corrosion Software
Installed PC

v

Monitor
(Polarization Curves Display)

v

Printer
(Polarization Curves and Data)

Fig. 3 Flow chart of polarization test equipment

287 24 v AT 5000 @ - emQl H4R 3, 7
Falgolo] 2= Jtdmdo]l BAE oil batho] A& 0.4 &
TY3s3 2™, oil bathol] FAFHAZXE M X519}, F 21K M0
°=

E 2ERAVNE AXY, 22 25+ 1 C W= g4
hae R | “i}‘
HE #400~1200 742 9] o] HolHE o] &3l dAHOZ

Avkg o, APE HW ALY FPe Axs 2 A
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7] Astel ArblM AHLREFALL) L o8t A
A WS vhRe dvtstonh. 2gn $RS5 FolA 28 uA
N2 AT g, oMMESE YXF F dFow ARAZY.
olsh gol EWAY ® RAAGHL Fig. 29 LIFAGEA

& ¥7] ¥ Linear 25489, FAAFIEEE 7317] 9438l Tafel
HIA9 | 7+=232 23 F2 (pitting) 59 FAATE Forad 4 9
t  Cyclic #F54%¥, 359 RAASE Ad587 93

Table 4 Experimental conditions of the polarization test

Instrument : EG & G 273A
Electrolyte : Fresh water(5000 £ - cm)
Material : Al-alloy(AC8A), Cu(C1100-H)
and Naval brass(C4621P)
Scan rate(mV/s) : 0.167
Specimen preparation : 1200 grid emery paper

Surface area of specimen : 10 mm’

Temperature : 25+ 1 C

_16_



2.5 AvlElold FA-H4 A|d2

F'

Frdzr1Y Y% (shell) 22 AMR I U= Al-alloy(AC8A), ¥
Z(end plate) ZL  AlB(tube)o 2 A} EH3 A= Naval brass
(C4621P) 9} Cu(C1100-H) 5 Table 1, Table 2 ¥ Table 39 A=
oA Azt FuHolA HA-F2 APHORE AT, o] A
Hlglo]d H2A-F2 APHE Fig. 49 o] A7 25mm, 77 6mmo

99 AgHos AR, =@ A4-94 AgH EDES AE

Fig. 4 Shape of specimen for cavitation erosion test
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2.6 Al ol JA-F4 APFA

B Ao AlE3 Aol TALFAE 2S5}
SAP7)|ZA HA AT =T Fig. 59 Zo.

Fig. 59 AMeold AL EA= JFA(transducer)d] =
(horn, A7 15mm)3 FA-52 APHE thgstA star otad 4
Aol A3t Al@AE DAAIZD FHANA AnEHAE LAAIR
3, L AEH £ Mtz AFES . olg AF Ak
s ASTM TPl whel 20 kHz2 &5, WEL 24 mz o
AoHAl A8k .

ok Ar|stetd Ralo]l g nwsly olad Aol FAdAZ
E AFste Aol HEadu, g A9 AFHH} E(horn) 9
HAM)E B Alo]A] (feeler gauge) = wyo] #gly(vernier
calipers)® A3, 25 BolW(timer) Z  259A (stop
watch) 2 AAAZHE AgstA 2Asteq SHES AT, 71v]E o]
A A=A ot AgHe FA Zase AdHA]£(1/10000

2= SRR, A7)A, 2SHRF 7= 60Hz, 220V HE-S JE o

U

$8@ A%}

7. Z.
R

2 20 + 0.2kHz9] B4 & FYAI = FAZH Fig. 69 &5 %
o Zop. g o] XY FAHLE &y dARA, FEAA] L Y
AA2 XEA, FF Z(booster horn) O Hojglon ajo]#x|
(control unit)¢t 25 Elo]w(auto stop timer) So] Y}, =

T W72 HE JHE "A7dUAE AFUAE HBAAH FE7

—
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of AEst=F HojUtt.

"

Ly

@
=g
—] “\X ®
o . \
W—> ®
\
/////////////\//////////////
1. Cooling fan 9. Temp. regulator
2. Power supply 10. Stand bed
3. Transducer 11. Rheostats
4. Horn skirt 12. DC power supply
5. Dial gauge 13. Ampere meter
6. Potentiometer 14, Specimen
7. Specimen supporter 15. Power control box
8. Soluble liquid 16. Circulating pump

Fig.5 Schematic diagram of cavitation erosion test apparatus.
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2.7 AnElo] A A-2A Ay

Z1AA AnEold HA-FAAF A7 AMEE 89 dHo

25 a&% 98 Ar|#e] Ady A YL, E ALEE L g )
A& 5000 @ - cmQl HFE AEEATE. EF AA-RAAFHHLS

Fig.4¢9} o] A7 25mm, F7) 6mme] 943 Aj@Ao AL 1200
AMER dvtste] 253 AHVE HF Az F, AbidHold X
of F2f T3 IJA-FAAEAY 4L 1.ommz AAEA A
of ZAulelold -7 AlgS AT, og7A, e

3

@ Fo 8B st Aueold AA-ANY e 38
A~
T

'

4

oM 2IAAHTE F AAA LR FALA

=)
b
NS
(o
32 2
o|N
]

ofd
tio
N

2,

AC 220V electric power input

!

Ultra sonic generator

;

Amplifier plant

!

Output source

.

Transducer assembly

!

Booster horn

Fig. 6 Flow chart of ultrasonic unit
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3.1 ¥3A% A%
Fig. 72 A4 FoA SZusda4, 5 2 yo|daEo

Lineara&=3A (27149 :-20 mV/SCE, HZH9 :20 mV/SCE)-& }E}
A Ao, o7)A, ¢ E= 258 1To|t),

BB o e - -

-1068.8 * cu o .,':': .-
~208.0

-300.9

-400. 8

Potential, E(mV-/SCE)

-500.9

-600.9
5! o e e

-700.0 S
-10.000  -8.000

-6.000 -4.000 -2.000 0,000 2.000 4.000 6.000

Current density, i(uAcm"2)

Fig. 7 Linear polarization curves of Al-alloy, Cu and
naval brass in fresh water at 25C
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27 AN RE AFEAARA A7k ANEAA N FAAFYE
Mshe nAstE, (o) RAAFAE} SRUFGI) PHARLE
2 oy BT PAARAERTG | JAHD A £ 270
FHEe AAE Bolut WelERE woh o A (REA)H

A

Fig. 82 A5 ToA ¢FviadaA, & 2 doddsy £
28-S e Aotk 7N, A9 = 25+1 o).

p

o

A\

Al-Alloy Cu NavalBra

w
“

Fig. 8 Polarization resistance of Al-alloy, Cu and

Naval brass in fresh water at 25T
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L

wjr

ol

o

4 EZ(polarization)°l] <]k

SF%
o1,

WY H715

§}

9)

(weight loss)9l

H 7o £ 2 o) Frizte]l el a2y

g3te

Z

24

CE
~l-=

i

Ho

-

MJ
v

Ak

(21D
SLEI S

713 8- Tafel 248 L A5,

SEERES
Tafel 942 M 352/252 corrosion software 2 E HAstad

wepa

(corrosion rate,

i

AT,

o= Aol whetr Al

CR&

e 6

CR (mmpy)

0.0033 ..., (EW)
d

Corrosion current density (uA/cm?)

]COTT

o} 7] A,

Equivalent of material (g)

EW

d = Density of material (g/cm®)
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Fig. 9= A4 ToA ¢FvsdsAl, 5 ¢

Potential, E(mV-SCE>

Yjo|H3}F 2] Tafel
:-250 mV/SCE, HZ#A¢% :250 mV/SCE)& &}

Aol REE 25+1C Y

LB U

300»% AL IR L A R R AL R AL B HHII"' T
: P
// /
108.0 - 7 S
Cu e o
- L
-100.9 — e -
\\\\
\\\
O\
-300.9 - \\ -
,/
,l/
Al
-500.8 -~ PR
N
~700.@ * \
\.
\\
opa.p . Loillil R NIT IR R RSt A R R Er T A RETTT DR R LI BN PRI
-18 -9 -8 -7 -6 -5 ~4 -3
Current density, i(A7cm™2) 12"

Fig. 9 Tafel polarization curves of Al-alloy, Cu and

Naval brass in fresh water at 25T
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Fig. 7oAt o] dFujgd=a49 /A= HS(open circuit
potential, OCP) Xt} & 2 ujojH3gol /M= AdYrt ¢ v A3}
93 A 2D B5 FAA 2 ARe RA4E F o Ao
2 &8, Fig. 99 Tafel £F5JHOZHE Tafel A&
352/252 corrosion software=ZHE ®Adto] ezl BHAAFI
(uA/cm®) S Fig. 109 vehgdot.
dFolEdaAd > HoddE > T €2 o ¥
SR ER!

o =

X =

=
Al wFE = AR

rr

oSt

[N

Current density, | (uw&/ar)

M3val Brass

Fig. 10 Corrosion current density of Al-alloy, Cu and

Naval brass in fresh water at 25T



Fig. 11&

4 FolA Fig. 109 Z+ Agol gk B

4 (Dol ddste] A 2 AR ABRAES Uehiln

olv] Fig. 89) E3AFo R #2¥ npgh go

& 5o Wagel A $5stm, volEaEe WA

SR CRVEE]

Corrosion rate, CR(mmpy)

(o]
oz S48 Lkt Qe

£

e

D.035 |

D030 |

D.025

D.020 |

o015

D.OtD |

D.0DS

D.0DD

...

Al - Alloy Cu N

Fig. 11 Corrosion rate of Al-alloy, Cu and

Naval brass in fresh water at 25T
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1

= wA ARgozH FRRA0 BHHY & Ao

e

SRRk S EHED

fj)

HEg B ATdME 33

Hojdsts o SFESFIHAE AHEsld Fig. 129

o
=

A, F

e AT

Ty

1608.9

14006.0

1e08.8

200.0
-260.0 -

600.0 -

(FOS nw) jetjudlog

-688.8

10"

Current density, i(A/cm"2)

Fig. 12 Anodic polarization curves of Al-alloy, Cu and

Naval brass in fresh water at 25T
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Z
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5
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FZ9)
g #2 dolaRFe Ya4ol B WAgnY
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5.308

5.100

. 5008

Current density, i(mR cm"2»
E-

4. 100

4.900 |-

4.700 |-

4.38@ ;-

3.98@ ;-

Fig.

i

Test time,

250.9

350.0 456.8 550.@

t(sce)

13 Potentiostatic polarization curves of Cu and Naval

brass by impressed potential(E=3V/SCE) in fresh water at 25T
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3.4 32 2 71384 AF

of

2l(pitting) ¥ ZrFH-2(crevice corrosion) ¢ ZRR A0
A

=
AuyAol uls) ) oo WE SER PAEYS doz £
=

600.92 LU B N A S S 1 R U I SR SISAN EUR SN B £ 1 1S R RS R

400.9
200.9 -
&
(&)
(51
3
z 0.8 —
- NB
L]
2 -200.0 -
C
ol
o
a
-180.6 |
;
-600.9 — -
-800.9 bt b biiiili ot b e s e
-9 -8 -7 -6 -5 -4 -3
Current density, i<A7cm"2) 10"

Fig. 14 Cyclic polarization curves of Al-alloy, Cu and

Naval brass in fresh water at 25T
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Ad2ujEEFAY AFEFH AY(repassivation potentia)= N=E
ARG o A YA I =34 FAHE 3 A
g Al FX(positive hysteresis loop)E YERjz, Ry =
(pitting loop) 258 &FrlgFaAed FAAFIEE & 2 vl
FEY FAFAFEERY 0 Bo] viFH lonz ¢FuEgdaA

b Folt vl igFu FAo 3P40 o WY Aow B

53], 9 AU FFEIFTIFALE FAER |y s FIE U
Bhllaz oy, vloldsFe] e 453 4E vrlge 3x
BlgjAl & FZ(negative hysteresis loop)E UYEMNL AREEH A
stold FAAFEEI T ARTH AAstA BAAFUER
o AAlgozA volbREe FAolu 5 AR FHYI} Fol

g pEEAnc o $58 Aoz pad,
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3.5 ¢FvIEH=A 952 AAFAETA 54

3.5.1 =AstoA EFuEdoA 9459
HAAZE R Qg

Wg nE5YAr|He] 3748 H5RdldM dFuEsdE 9%
Folu dlo] 3 Fe olFFE Algd wWE ojFF&
AEZEE 2 (AR 252, galvanic corrosion)®] 7 3kol] t

CE 2 Wl RREY AARANE ARA T gy

H
2,
e
2
rO

-158.8 |-

-250.0

-350.0

Potential, E{mUsSCE)

-356.0 e

~-550.9 |-

-650.0 - S e
-58.8 50.0 159.@ 250.0 350.0 45@.0 550.8

Test time(sec)

Fig. 15 Potential of Al-alloy, Cu and Naval brass

vs test time in fresh water at 25C
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ol¥] Fig. 7, 9 12 & 13914 uZAntet Zo] Ajgte] B33t

WA Aol ETF A AAAAE T L W MPEY AAAAN
o+ ¢ 350 ~ 500 mV/SCE HAEZ ¢ vHAJEHREMSEH L Y9
¢ & Aok AR o]FFEol 2PHE 2F Al A9

7} °F 50 mV/SCEol ol AA2&% 40 dojups Aoz nw
@Hn goms nevAr|ne YHE F5IA N YEAR A}
5 LENEFIAE AVAA Foluh WolMPFo o
A2 g2 o] ol Qo FHAT,

off
i)
BN
)
it
ug
St
g
or
m?l_g

Fig. 16& A+ A & % uvlo|Es}

FAe] WA g5

olv] Fig. 15914 mzgutel Zo] LEZujEFFAY AAHY
o & R dloldaFY AAd™dne oF 350 ~ 500 mV/SCE A&
= o vddggogsy ngtAr|ge] Y48 JEPnr)dN 4%
AZ AMEHE EFuEdeAe AFAYL Folu Uolwiso
o MR 2GR0l dojd Aoz FAANe} Fo] T L uo)y
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¢ 3ie.
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©

+

< pvo.

L

c

° .
250.
230.

i

2.2 180.9 2008.0 388.8 409.9 5¢8.0 6008.2

Test time, t{(sec)

FFig. 16 Corrosion current density of Al-alloy and galvanic

couple Al-alloy with Cu and Naval brass vs test time

in fresh water at 25C

_35_



- =1L =

3.5.3 AAZAEH 2 o3 &Fu|FIaAl

1=)
A5 AR A%

Fig. 17& HF FolA 2 YoldstEy 23gE ¢FvEY
Aol AR ZEE A ok Tafel =34 2 LFv|E3HEA]
Tafel ¥534& Aestod vepd Aol

-100.0 URREIL [N R S AR R E A IR SE A A R T

i/

-200.0 |— 7

e
S
e

~300.0 ~ v

@ Al+Cu /?1’/', |

¢ ' o 5

E -400.0 - . e A

o N\‘\\A’ e

= / ‘\\\ »‘\\

2 -500.0 e AN

c Al . ’ SN

: R S NN

o T~ NN

-500.9 S~ .

“~
-760.8 N
t 1
-800.9 L1 vl Gt el Ll b
-9 -8 -7 -B -5 -4 -3
Current density, i(A/cm™2) 1e”
Fig. 17 Tafel polarization curves of Al-alloy and galvanic

couple Al-alloy with Cu and N-brass in fresh water at 25C

_36_



A RHAFAEE RNETGEAS FAAFAERD | o]
50 9ee &+ Ak

Fig. 182 3% FolA Fig. 179 5 ¢ Welu357 299 ¢
FUEFEA) AALEEAe] 9 LAAFLE A0 FE
FEA FHAAFLEES 4 (Do) Rastd ARG AAH ST A0
% FFUETFAL ANRAES Aeiste] e Aolo,

Lo

i)

D025 +

Corrosion rate, CR(mmpy)

0.015 |

L

0.010

=

- Alloy Al - Alloy Al - Alloy
i with navalbrass

Fig. 18 Corrosion rate of Al-alloy and galvanic couple

Al-alloy with Cu and N-brass in fresh water at 25TC

- 37 -



T 2 doldMBER =Fd IFUEFIA] A AERA
g AVFAEL ATUEFIAY AHFABRT § A Uehd

o 2H olFTHI AT dFvEHEA AAFEFHS WY

_38_



3.6 FNv]Hlol A F2A-H 24 EA
3.6.1 FiujEo]Ad AA-XAl ofx

g oy Bg F5uAIY JAF 28 AFe

=

2 g4sol gon d5e] $A%EE aesle Ho

(o]

=
~
3
N
1
S

Photo.2 Progressive change of the damaged surface of Al-alloy

by cavitation erosion-corrosion in fresh water

_39._



Bzt AR st HANZE 9En o] AT

71904 sl oo YZAAAFE . =R &3 37
B

M

F

2

S
o
(2
J
i)
o
)
o
offt
v}
=
o
13
o
offt
o
Y
=
=
©
i

>,
o
2
k)
&

Photo.2&= €838 dZ4719 Y5 (shell)9 A5 Al F&A
A
T

7 FoA e FulgolMel] og HAl-EA o

_40...



Ak, ZElm AuEold HA 128 ARFe PA-FAFRe 0¥

Aol vja|lA Z(horn)d dl3ke YHol A

Photo. 32 ¥ (end plate) Z A& (tube) & AFQ Ho|HFF
(Naval brass, C4621P)ol] t3t FF87H FolA 2] 7iu]elo] Aol 2]t

T

3 min 6 min

9 min 12 min

Photo.3 Progressive change of the damaged surface of Naval

brass by cavitation erosion—corrosion in fresh water

_41_



Ha-Ra FAL HoFa Q.

Z 3%°] AT AgH FHE AFP A
Zpol b vp=] ekgkom | Alzko] BHFHA A
Aol B 71X AP T o F 4
e A FE S AAE 2 &3E Eojulr] Al Fsta ok, 9%l
BaeHARTE = AlgHe gl Aulgo]ldel ok A-72
ol AustA verda k. 128 ARF e yoldgs APH ®
o) FA-F2A e o BAAY AFH W AAHY g
T & Aol A et ork Anlgeld RN o] 9
T AIAA Boe ot Ao Ak, =, Mol IFFo] e
FolA AuEold FZ0] AA F& FHAME F2a-F29 x|
& 7ML 4SS & F Ak o9k o] dojdFo] sjulg ol
Aa-52le] AA"Eo] Jehte ofrE ofdel FAYFoE {3t
A7) 7] g2l Aoz Algdr).

Photo.4 & &71¥9 94358 I+I47] Ad(tube)§ As<
& (Cu, C1100-H)ol g HF5e74 FolAe siuieold FA-524 <

}\}o EOE]T—I— )v\

i
Lo

o

L)

Gehbn glomz volddEdt wel Ao Aa-wA Ea
of 493 AT & & Ak, TPBE F(CWS FFBA FoAA
A7 olgel Amelol Mol WY Ao AulHol M PA-HA &4



S min 12 min

Photo.4 Progressive change of the damaged surface of Cu

by cavitation erosion-corrosion in fresh water

_43_

=
19212 Aol e Auleold BA-RA Eake] A



Fig.19% Photo. 2, Photo. 3 2 Photo. 49 Fjujeo]Ad = A)-3
FFE 7223, A Aol i FdlH ol A -2 A

model ing¥F A o]t}.

1>

filo

L K K

THH Foz UPEEA] Fig. 199 (b)ol] ZEF S viet Fo] A
Hol FHAO 7 A o] oz Yrie e 2dgddol A 5
7veta e el
a;?*;V?;?a. /,f’j““ \\
- # s ] \\
3 0 ot
LL° 0
\3\&?:?:‘“&.;’;’ \\«H__O,Cf’/j
(2) 3 min (b) 12 Min

Fig.19 Modeling on damaged surfaces according to testing time

- 44 -



3.6.2 AMElol A FA-4 A%

A5zl AHgEHE ABGhel DS SRUFETF, BB (end
plate) % Al (tube)d o BHE L F(Cu) 5 7H7He] Amol o
& TR FoA AAF g Aulgold AA-RA &t

o)gt FAZAZ WSS Fig.200] Yehlia ),
4
—a— Al
3+ —e— NB
8 EN Cu
2
73
82t
E o
Rey
o
= 1
= 1F
lg -/ &
O ﬁ/ PRENUEEEES e P

o 2 4 & 8 10 12
Testing time, t(min)

Fig. 20 Total weight loss vs testing time in fresh water

for Al-alloy, Cu and N-brass

A7 Ftel] mhE AiulEold - B4l o FAG

)
A% WEE 7 Almel et 47] BE P woli glou, Az

- 45 -



)
A=A EGATLE AvlEeld 2 F Hx 38 XA FF
HEsd 52 A9 2A dvevda oy, 3§ o F
1 &9 FAZLFS boddsrnyg o w4 ve

il e, dFvEdee vloldaFold Fel visiA 48 w8

3
@'
&
flo
oX
-
rﬁ
ON

A Aol AA-R Aol o ATy

—_ X —m— Al

c

‘E 025} ~@—NB

S i A Cu -

£

T 0.20 |- /

9’ i - m

S 015} ,

" 3

0

2 o010}

=

Ry A

@ 0.05 | &

= & , * ° »

0.00 |- =

1 1 " 1 2 1 i 1 " 1 A L
0 2 4 6 8 10 12

Testing time, t(min)
Fig.21 Weight loss rate, R(AWt/At) vs testing time in fresh

water for Al-alloy, Cu and N-brass

_46_



}

[e]

al

wa A, voldRET R F9 FAZLE RUI/ADE e

F AT A E (ng/min)S G AIZHmin)oll o) 3F

Fol FEZF(aw/a0S HERA Aol

. 9714,

e}
7

T o]
Fej 2 ehd

HA A = FAGLEC] ATA A HHI) 92 o]

\_ﬁo

HoFa A

oy

ﬁo
3

)

7}st

Nlo

FE Az FAZAEEO]

o}

e}

Ll
N

o
;00
\_AO

7] v] €|

T
.

Fig. 20 @ Fig. 2194} B.Q1 uje} Zo] ¢FulEgaA)

FapAl ubebiba, ol s

g4

ol

s

SEER

‘—l_‘tr"é}‘g]

FAWN
T

olg} o] Wo|dFol AuEol A
2 ey

Sstlch

o

dlo]d 5

T olfre

Y| o]

(ByF=T)ez AEatd

aln

=0

o}

el

oF

Aol

i A}E%q(m, 25) .

A

_47_



iy

W=

ks

oE 9% 2 Al o

of @t A7 AF g3 22 ZES A

=4 2 U

T

o]

Aol 7P A dehdar,

1= R 2
U]

59

1

AVaHA UhERd,

o aE A

>

o] Folu}

UEFEF ARG o e

=
T

ok
=

UEgFAY AALEEARY O oA P

=
T

o}
R=A

bl

o
Nd

5) o]

_48_



e ST R |

D =, &3, dAR, olE(1994) - F2A3 o
A& 3AL, pp. 302-305

2) BIEZEME, PP AEIN1995) 0 HEREEE TORBMREIR & MBS
AAMEE RS, Vol. 40, No. 9, pp. 619-629

3) Denny A. Jones(1991) : Principles and prevention of
corrosion, Macmillan publishing company, pp. 398-401

4) W. H. Ailor(1988) : Engine Coolants Testing, State of the
Art, ASIM, STP 705, pp. 81~101

5) HAMFIEE(1990) : ARHREEE, BAMEITERILM, pp.173~
175

6) HARBEWE®(1989) @ HMEWESIE ZzoHE, BAREERN,
pp. 16
7) K EE, M ORM, MEEHEE1990), ¥k TF-i s KB E T

T o GEMBtOEZWBRN,  HAB#EMg, VOL.39, No.10, pp.
550 ~ 555

8) THEBMREF(1986) @ HAKM IE2%E 6, BRLHA, HAoo
+iit, pp. 78~79

9) Kenneth R. Tretheway and John Chamberlain(1994)
Corrosion (for students of science and engineering),

Longman Scientific & Technical, pp. 153~ 156

_49_



10)

11)

12)

13)

14)

15)

16)

17)

At ERE, M RAI(1982) @ BRI RIF o a > npif,
HRB ey, 314, BBESUBKEDKUL, pp. 67~72

M.G Talks and G.Moreton(1986) : Proc. ASME Symp.
Cavitation erosion Fluid System, p. 139

Isao Sekine and Toshiyuki Tanaki(1991): Erosion-corrosion
Behavior of Copper Alloy under Flowing Water Condition,
Zairyo to Kankyo, Vol. 40, No. 8, pp. 527~523

J. Zahavi and H.J. Wagner(1984) : Characterization of
erosion-corrosion process, The Metallurgical Society of
AIME, pp. 226~239

A. Thiruvengadam(1982) : Erosion, Wear, and Interfaces
with Corrosion, ASTM, STP 567, pp. 219~238

Masanobu Matsumura and Yoshiniri Oka(1982) : Influence
of Erosion on Corrosion, Boshoku Gijutsu, Vol 31, No.2,
pp. 67~69

Wik, ZFEZI(1991): Aneo] A 23t WYMol Eh-
ZEhEE) ol we Bige(1), SHmEEAEEEE, 20(4), pp. 285~
289

BRI SOk AR - JIAREIA(1989) @ REME 27> v 2
DIW-T g a0P 34 IZHTLERCEBHEL, HAR
i, 36(10), pp. 628~634

_50_



18) M R{AI(1990) : BN FERIv-2 a3 > OFSERE KA,
HAM R EBEEE, Vol. 39, No. 11, 610~616

19) HMphB), ZFE71(1992) @ ANBEBA <dol= Ho" e
AvlElold REBEI WehEE 2 ke £5d AD
e, T=oAd7IssdA], 28(2), 171~183

20) A=, Bar(1999) : AT dnFrle HA-F
540 @3 A7(D), FxoidrlEstE A, Vol.35, No.2,
pp. 196~200

21) Ri#®E(3), pp. 142~146

22) Hiw&E), pp. 74 ~ 79

23) FriR R(1973) @ BOBABRTH, HALERA, pp.86-87

24) 4+x01992)  ZAxY RAEALA P B AT,
=52 8k3], Vol. 21, No. 2, pp. 120~129

25) A=, &HF2001D) : MgHhAYIl 9 2% Boiler?

FHAEA BT A7), FFolYr)Esrs A, Vol. 25,

No. 2, pp. 147~148.

_51_



A} A}

il

=HUG.

=
= —

JA & 7}

&4 5 7)1 7k A

o] =&

<

MAE wrhe wheg AYUD. aw

oh

By

R+ AMFoZ Sivla}lx|

JJUE cjAlrl ZALERlH, A

3l

N

o) e AMG A%t @ HuA Fu.

- 52 -



	표지
	목차
	초록
	1. 서론
	2. 시험편 및 실험방법
	2.1 시험재료
	2.2 부식 시험편
	2.3 부식 실험장치
	2.4 부식 실험방법
	2.5 캐비테이션 침식-부식 시험편
	2.6 캐비테이션 침식-부식 실험장치
	2.7 캐비테이션 침식-부식 실헙 방법

	3. 실험결과 및 고찰
	3.1 분극저항 거동
	3.2 전면부식속도 특성
	3.3 양극분극거동
	3.4 공식 및 간극부식 거동
	3.5 알류미늄합금재 원도으이 전지작용부식 특성
	3.6 캐비테이션 침식-부식 특성

	4. 결론
	참고문헌

